To perform microdilution antimicrobial susceptibility tests efficiently, broth dilutions of the antimicrobial drugs should be prepared in large batches and stored frozen until needed. Studies were carried out to document the stability of ampicillin, benzylpenicillin, carbenicillin, methicillin, oxacillin, nafcillin, and cephalothin in microdilution trays during storage at -20 and -60 C. No significant deterioration was noted after 21 days of storage, as detected by bioassay and by replicate minimal inhibitory concentration determinations with control organisms. No significant differences were noted moreover between trays stored for three weeks at -20 C and those stored at -60 C. The microdilution technique was found to be a highly reproducible method for quantitative determination of antimicrobial susceptibility.
Quantitative susceptibility tests can be performed efficiently with a microdilution technique (3) (4) (5) (6) (7) (8) (9) (10) , especially since the development of semiautomated equipment for preparing serial dilutions of the antimicrobial agent. Such semiautomated equipment can be used effectively only when large numbers of trays containing antimicrobial dilutions can be prepared at one time and held frozen until needed, rather than preparing fresh sets of dilutions each day. The present report documents the stability of ampicillin, benzylpenicillin, carbenicillin, methicillin, oxacillin, nafcillin, and cephalothin during short-term storage of microdilution trays at -20 and -60 C. These drugs were selected for study because they are notoriously unstable and most likely to become inactive during storage. To document the stability of these drugs, it was first necessary to estimate the accuracy and precision by which antibiotic dilutions could be prepared with our semiautomated system, an Autotiter IV (Canalco Ltd.).
MATERIALS AND METHODS
Antibiotic dilutions. Antibiotic powders were obtained from Canalco Ltd., Rockville, Md., and diluted in sterile distilled water to give stock solutions of the appropriate concentration. Serial dilutions were then prepared with an Autotiter IV (Canalco Ltd.), each well containing 50 ,ul of drug diluted in Mueller-Hinton broth (Difco). Each tray contained 16 series of seven doubling dilutions of antibiotics under study. The trays were either tested immediately or returned to the plastic bags in which they were received; each bag held a maximum of four trays plus an empty cover tray. The bags were then sealed with masking tape and stored in a Revco freezer (-60 C) or in a household freezer without automatic defrost (-20 C). After 1, 2, 3, or 4 weeks of storage, the trays were removed from the freezer and allowed to thaw at room temperature before testing.
Inoculation of antibiotic dilutions. To evaluate the performance of different antibiotic trays replicate tests were performed with the "Seattle" Escherichia coli or Staphylococcus aureus (originally obtained fromn a subculture of ATCC 25922 or ATCC 25923) strains. The inoculum was standardized by diluting an actively growing broth culture to match the turbidity of a MacFarland 0.5 standard as for the disk diffusion test of Bauer et al. (1) . The adjusted suspension was then diluted 1:200 in Mueller-Hinton broth, and 50-IAI drops were added to each well of a tray using a disposable dropping pipette (Cooke Engineering, Alexandria, Va.). After inoculation, the trays were sealed with sealing tape and placed in a 35 C incubator, with no more than two trays in a stack. After overnight incubation, the minimal inhibitory concentration (MIC) was determined as the lowest concentration that inhibited visible growth, as viewed by examining the trays from the bottom.
Bioassay. To directly estimate the concentration of ampicillin, penicillin, or carbenicillin in the trays, the large-plate assay technique of Bennett et al. (2) was adapted by using 0.25-inch (6.4-mm) filter paper disks (Schleicher and Schuell no. 740E) rather than filling wells cut from the agar. Nutrient agar (Difco) was seeded with Bacillus subtilis spore suspension (Difco) just before pouring into a large ( 
RESULTS
Accuracy and precision of antibiotic dilutions. Stock solutions of ampicillin trihydrate were prepared at a concentration of 80 jig/ml and then diluted serially with an Autotiter IV, filling 16 series of wells in each tray with the same stock solution. Once a week for three consecutive weeks, 10 trays were prepared from freshly prepared stock solutions. Trays 2 and 10 in each set were tested on the day of preparation, and the remaining trays were stored for later testing. The dilution in well 6 in each series (1.25 ,ug/ml) was sampled for bioassay, and all 16 wells on each of the freshly prepared trays were assayed in triplicate. The results of this experiment are summarized in Table 1 . For each tray the mean value came close to being within 10% of the expected concentration. Variability was also minimal, with the overall coefficient of variation being 12.5%. An analysis of variance was utilized to compare variances between trays, between rows (loops), and between days. No significant differences could be identified.
A second experiment was then undertaken to extend these observations by adding tests with benzylpenicillin and carbenicillin and to repeat the tests with ampicillin. This time trays were prepared once a week for 4 consecutive weeks, and 12 wells were selected from each tray for bioassay. The results of these initial tests before storage of the trays are included in Table 2 . As before, the mean concentration was generally within 10% of the expected value, and the coefficient of variation demonstrated an acceptable degree of precision.
Activity of penicillins after short-term storage. Trays containing ampicillin prepared in experiment 1 were stored for 1, 2, or 3 weeks at both -20 and -60 C. On week 4 b Based on 32 tests for each storage condition or for each set of "fresh" plates.
at -20 and -60 C. On week 5, when all stored trays were tested, sixteen MICs were determined with freshly prepared antimicrobial agents. In this way five different sets of unstored trays yielded 48 MIC values for each drug, and the geometric mean MIC is recorded in Table 5 . Two methicillin MIC values were two dilution steps above the median; all other MICs were within one doubling dilution on either side of the median. Methicillin MICs In addition to the inactivation of an antimicrobial agent during storage, the actual concentration of drugs in the microdilution trays may be increased by a loss of moisture due to evaporation that may occur during the freeze-thaw cycle. For that reason, the shelf life will depend upon the way in which the trays are wrapped for storage; every precaution should be taken to minimize the loss of moisture from the frozen trays. The temperature at which the trays are stored (-20 or -60 C) did not influence the stability of the drugs during the first 3 weeks of storage.
Although freshly prepared stock solutions were used for each batch of trays included in the present study, a more convenient system could be developed if the stock solutions could be prepared in bulk and frozen aliquots could be stored until a set of trays is needed. The trays could then be frozen for a maximum of 2 to 3 weeks, but that would necessitate two freezethaw cycles which might alter the activity of some antimicrobial agents. We have performed preliminary studies that failed to demonstrate any change in the activity of concentrated stock solutions of ampicillin, benzylpenicillin, and carbenicillin after several freeze-thaw cycles. This observation needs to be confirmed and expanded to other antimicrobial agents before such an approach can be recommended as a standard procedure.
In summary, an Autotiter IV is capable of preparing dilutions of antimicrobial agents with a satisfactory degree of accuracy and precision, and the trays containing diluted antimicrobial drugs can be stored at -20 C or less for as long as 3 weeks without a significant loss of activity, at least with the more labile agents included in the present study.
